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5DPDQVSHFWURVFRS\SUHGLFWVWKHOLQNEHWZHHQFODZNHUDWLQDQGERQHFROODJHQVWUXFWXUHLQD
PRXVHPRGHORIRHVWURJHQGHILFLHQF\ 
$87+256 
0&ODUH&DUDKHU 
6FKRRO RI &KHPLVWU\ DQG &KHPLFDO (QJLQHHULQJ 4XHHQ
V 8QLYHUVLW\ %HOIDVW 6WUDQPLOOLV
5RDG%HOIDVW8. 
$QWRQLD6RSKRFOHRXV 
5KHXPDWRORJ\ DQG %RQH 'LVHDVHV 8QLW &HQWUH IRU *HQRPLF DQG ([SHULPHQWDO 0HGLFLQH
05&,QVWLWXWHRI*HQHWLFVDQG0ROHFXODU0HGLFLQH:HVWHUQ*HQHUDO+RVSLWDO8QLYHUVLW\RI
(GLQEXUJK8. 
-5HQZLFN%HDWWLH 
-5HQZLFN%HDWWLH&RQVXOWLQJ&DXVHZD\(QWHUSULVH$JHQF\%DOO\FDVWOH8. 
2OLYH2
'ULVFROO 
AventaMed, Rubicon Centre, Rossa Avenue, Bishopstown, Cork, Ireland.  
1LDPK0&XPPLQV 
&HQWUH IRU ,QWHUYHQWLRQV LQ ,QIHFWLRQ ,QIODPPDWLRQDQG ,PPXQLW\*UDGXDWH(QWU\0HGLFDO
6FKRRO8QLYHUVLW\RI/LPHULFN,UHODQG 
2UODLWK%UHQQDQ 
7LVVXH(QJLQHHULQJ5HVHDUFK*URXS'HSDUWPHQWRI$QDWRP\5R\DO&ROOHJHRI6XUJHRQVLQ
,UHODQG'XEOLQ,UHODQG 
7ULQLW\&HQWUHIRU%LRHQJLQHHULQJ7ULQLW\&ROOHJH'XEOLQ,UHODQG 
$GYDQFHG0DWHULDOVDQG%LR-(QJLQHHULQJ5HVHDUFK&HQWUH$0%(55&6,	7&''XEOLQ
,UHODQG 
)HUJDO-2
%ULHQ 
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7LVVXH(QJLQHHULQJ5HVHDUFK*URXS'HSDUWPHQWRI$QDWRP\5R\DO&ROOHJHRI6XUJHRQVLQ
,UHODQG'XEOLQ,UHODQG 
7ULQLW\&HQWUHIRU%LRHQJLQHHULQJ7ULQLW\&ROOHJH'XEOLQ,UHODQG 
$GYDQFHG0DWHULDOVDQG%LR-(QJLQHHULQJ5HVHDUFK&HQWUH$0%(55&6,	7&''XEOLQ
,UHODQG 
6WHYHQ(-%HOO 
6FKRRO RI &KHPLVWU\ DQG &KHPLFDO (QJLQHHULQJ 4XHHQ
V 8QLYHUVLW\ %HOIDVW 6WUDQPLOOLV
5RDG8. 
0DUN7RZOHU 
'HSDUWPHQW RI 0HFKDQLFDO DQG ,QGXVWULDO (QJLQHHULQJ 5\HUVRQ 8QLYHUVLW\ 7RURQWR 21
&DQDGD 
6WXDUW+5DOVWRQ 
5KHXPDWRORJ\ DQG %RQH 'LVHDVHV 8QLW &HQWUH IRU *HQRPLF DQG ([SHULPHQWDO 0HGLFLQH
05&,QVWLWXWHRI*HQHWLFVDQG0ROHFXODU0HGLFLQH:HVWHUQ*HQHUDO+RVSLWDO8QLYHUVLW\RI
(GLQEXUJK8. 
$\PHQ,,GULV 
5KHXPDWRORJ\ DQG %RQH 'LVHDVHV 8QLW &HQWUH IRU *HQRPLF DQG ([SHULPHQWDO 0HGLFLQH
05&,QVWLWXWHRI*HQHWLFVDQG0ROHFXODU0HGLFLQH:HVWHUQ*HQHUDO+RVSLWDO8QLYHUVLW\RI
(GLQEXUJK8. 
3UHVHQW$GGUHVVHV 
,&21SOF6RXWK&RXQW\%XVLQHVV3DUN/HRSDUGVWRZQ'XEOLQ,5(/$1' 
'HSDUWPHQWRI/LIH6FLHQFHV(XURSHDQ8QLYHUVLW\&\SUXV1LFRVLD&\SUXV 
3'HSDUWPHQWRI2QFRORJ\DQG0HWDEROLVP0HGLFDO6FKRRO8QLYHUVLW\RI6KHIILHOG%HHFK
+LOO5RDG6KHIILHOG8. 
5811,1*7,7/(5DPDQVSHFWURVFRS\SUHGLFWVERQHORVV 
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&255(6321'(1&( 72 'U - 5 %HDWWLH - 5HQZLFN %HDWWLH &RQVXOWLQJ &DXVHZD\
(QWHUSULVH$JHQF\%DOO\FDVWOH8.(PDLOUHQH#MUHQZLFNEHDWWLHFRP 
DQG 
'U$ , ,GULV 'HSDUWPHQW RI 2QFRORJ\ DQG 0HWDEROLVP %HHFK +LOO 5RDG 6KHIILHOG 6
5;8.(-PDLOD\PHQLGULV#VKHIILHOGDFXN 
1. $87+25 (0$,/6 0 &ODUH &DUDKHU FODUHFDUDKHU#JPDLOFRP $QWRQLD
6RSKRFOHRXV DVRSKRFOHRXV#HXFDFF\ - 5HQZLFN %HDWWLH
UHQH#MUHQZLFNEHDWWLHFRP 2OLYH 2
'ULVFROO HPDLOROLYHRGULVFROO#DYHQWDPHGFRP
1LDPK 0 &XPPLQV HPDLO QLDPKFXPPLQV#XOLH 2UODLWK %UHQQDQ
HPDLO2%UHQQDQ#UFVLLH)HUJDO-2
%ULHQHPDLOIMREULHQ#UFVLLH6WHYHQ(-%HOO
HPDLOVEHOO#TXEDFXN 0DUN 7RZOHU PDUNUWRZOHU#JPDLOFRP 6WXDUW + 5DOVWRQ
VWXDUWUDOVWRQ#HGDFXN$\PHQ,,GULVD\PHQLGULV#VKHIILHOGDFXN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$EVWUDFW 
2VWHRSRURVLVLVDFRPPRQGLVHDVHFKDUDFWHULVHGE\UHGXFHGERQHPDVVDQGDQLQFUHDVHGULVN
RIIUDJLOLW\IUDFWXUHV/RZERQHPLQHUDOGHQVLW\LVNQRZQWRVLJQLILFDQWO\LQFUHDVHWKHULVNRI
RVWHRSRURWLFIUDFWXUHVKRZHYHUWKHPDMRULW\RIQRQ-WUDXPDWLFIUDFWXUHVRFFXULQLQGLYLGXDOV
ZLWKDERQHPLQHUDOGHQVLW\WRRKLJKWREHFODVVLILHGDVRVWHRSRURWLF7KHUHIRUH WKHUHLVDQ
XUJHQWQHHGWRLQYHVWLJDWHDVSHFWVRIERQHKHDOWKRWKHUWKDQERQHPDVVWKDWFDQSUHGLFWWKH
ULVNRIIUDFWXUH+HUHZHVXFFHVVIXOO\SUHGLFWHGDVVRFLDWLRQEHWZHHQERQHFROODJHQDQGQDLO
NHUDWLQ LQ UHODWLRQ WR ERQH ORVV GXH WR RHVWURJHQ GHILFLHQF\ XVLQJ 5DPDQ VSHFWURVFRS\
5DPDQ VLJQDO VLJQDWXUH VXFFHVVIXOO\ GLVFULPLQDWHG EHWZHHQ RYDULHFWRPLVHG UDWV DQG WKHLU
VKDPFRQWUROVZLWKDKLJKGHJUHHRIDFFXUDF\IRUWKHERQHVHQVLWLYLW\VSHFLILFLW\
DQGFODZWLVVXHVHQVLWLYLW\VSHFLILFLW\:KHQWHVWHGLQDQLQGHSHQGHQWVHWRIFODZ
VDPSOHVWKHFODVVLILHUJDYHVHQVLWLYLW\DQGVSHFLILFLW\&RPSDULVRQRIWKHVSHFWUDO
FKDQJHV RFFXUULQJ LQ WKH ERQH WLVVXH ZLWK WKH FKDQJHV RFFXUULQJ LQ WKH NHUDWLQ VKRZHG D
QXPEHURIFRPPRQIHDWXUHVWKDWFRXOGEHDWWULEXWHGWRFRPPRQFKDQJHVLQ WKHVWUXFWXUHRI
ERQH FROODJHQ DQG FODZ NHUDWLQ 7KLV VWXG\ HVWDEOLVKHG WKDW V\VWHPLF RHVWURJHQ GHILFLHQF\
PHGLDWHV SDUDOOHO VWUXFWXUDO FKDQJHV LQ ERWK WKH FODZ SULPDULO\ NHUDWLQ DQG ERQH SURWHLQV
SULPDULO\FROODJHQ7KLVVWUHQJWKHQVWKHK\SRWKHVLV WKDWQDLONHUDWLQFDQDFWDVDVXUURJDWH
PDUNHURIERQHSURWHLQVWDWXVZKHUHV\VWHPLFSURFHVVHVLQGXFHFKDQJHV 
 
.(<:25'65DPDQ6SHFWURVFRS\ERQHFROODJHQNHUDWLQRVWHRSRURVLVPLFUR&7 
 
$EEUHYLDWLRQV 
$8&$UHD8QGHUWKH&XUYHIRUUHFHLYHURSHUDWRUFKDUDFWHULVWLFV 
%0'%RQH0LQHUDO'HQVLW\ 
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%979%RQH9ROXPH7RWDO9ROXPHDOVRNQRZQDVERQHYROXPHGHQVLW\ 
';$'XDOHQHUJ\;-UD\$EVRUSWLRPHWU\ 
/'$/LQHDU'LVFULPLQDQW$QDO\VLV 
PLFUR&7PLFUR&RPSXWHG7RPRJUDSK\ 
29;2YDULHFWRPLVHG 
3&$3ULQFLSDO&RPSRQHQW$QDO\VLV 
52,5HJLRQ2I,QWHUHVW 
69'6LQJXODU9DOXH'HFRPSRVLWLRQ 
1 /ŶƚƌŽĚƵĐƚŝŽŶ 
3RVWPHQRSDXVDORVWHRSRURVLV LVDFRPPRQGLVHDVHFKDUDFWHULVHGE\UHGXFHGERQHPDVVDQG
DQLQFUHDVHGULVNRIIUDJLOLW\IUDFWXUHVZKLFKLQFUHDVHVGUDPDWLFDOO\LQLQFLGHQFHZLWKDJH>@
7KH ULVN RI RVWHRSRURVLV LV GHWHUPLQHG E\ D EDODQFH EHWZHHQ OHYHOV RI SHDN ERQH PDVV
DWWDLQHGGXULQJVNHOHWDOJURZWKDQGWKHDPRXQWRIERQHWKDWLVORVWODWHURQLQOLIH>±@$W
PHQRSDXVH GHFOLQLQJ RHVWURJHQ OHYHOV WULJJHU DQ LQFUHDVH LQ ERQH UHPRGHOOLQJ ZLWK
XQFRXSOLQJ RI RVWHRFODVWLF ERQH UHVRUSWLRQ IURP RVWHREODVWLF ERQH IRUPDWLRQ >@ (YLGHQFH
IURP URGHQW DQG QRQKXPDQ SULPDWH VWXGLHV LQGLFDWHV WKDW HQKDQFHG ERQH UHPRGHOOLQJ
DVVRFLDWHGZLWKGHILFLHQF\LQVH[KRUPRQHOHDGVWRERQHORVV>±@LQKXPDQVWKLVW\SHRI
FKDQJHLQFUHDVHVULVNRIIUDJLOLW\IUDFWXUHV 
7KH PDMRULW\ RI RVWHRSRURWLF IUDFWXUHV RFFXU LQ SDWLHQWV ZLWK ORZ ERQH PLQHUDO GHQVLW\
%0'DVDVVHVVHGE\'XDOHQHUJ\;-UD\$EVRUSWLRPHWU\';$>±@+RZHYHUWKHUHLV
RYHUODS LQ %0' EHWZHHQ LQGLYLGXDOV ZLWK UHFXUUHQW IUDFWXUHV DQG WKRVH ZKR KDYH QRW
LQIHUULQJ WKDW ORZ %0' LV QRW WKH RQO\ FDXVH RI IUDJLOH ERQHV >@ 'HJUHH RI
PLQHUDOL]DWLRQ LV DQRWKHU VWDQGDUG E\ ZKLFK RVWHRSRURVLV LV GLDJQRVHG KRZHYHU LW LV RIWHQ
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XQUHOLDEOHLQGHWHFWLQJERQHIUDJLOLW\7KLVLVPDLQO\GXHWRLWVLQDELOLW\WRWDNHLQWRDFFRXQW
DPRQJVWRWKHU IDFWRUV >@FKDQJHV LQ WKHERQHPDWUL[SURWHLQSULPDULO\FROODJHQ6WXGLHV
KDYH VKRZQ WKDW FROODJHQ LQ RVWHRWURSLF SDWLHQWV H[KLELWV D GLIIHUHQW VWUXFWXUH WR QRUPDO
FROODJHQ>@DQGKDYHIRXQGDFRUUHODWLRQEHWZHHQWKHVHVWUXFWXUDOFKDQJHVLQFROODJHQ
DQGERQHIUDFWXUH>@ 
2YDULHFWRP\ LQ ODUJH URGHQWV LV D UHSURGXFLEOH DQG ZLGHO\ DFFHSWHG PRGHO RI RHVWURJHQ
GHILFLHQF\DQGUHIOHFWVPDQ\FKDQJHVREVHUYHGLQSRVWPHQRSDXVDOZRPHQ)RUH[DPSOHLW
OHDGVWRUHGXFWLRQLQWUDEHFXODUERQHYROXPHFRXSOHGZLWKDQLQFUHDVHLQDGLSRVHWLVVXHVLQ
VRPHURGHQWVSKHQRW\SHVVLPLODUWRWKRVHREVHUYHGLQDJHGKXPDQ1RWZLWKVWDQGLQJWKLVWKH
PRGHO GRHV QRW DFFRXQW IRU IDFWRUV VXFK DV JHQHWLF YDULDELOLW\ OLIH VW\OH GLHW DQG RWKHU
KRUPRQH OHYHOV WKDW DIIHFW ERQH KHDOWK $ NH\ IHDWXUH RI WKLV PRGHO LV WKDW WKH KRUPRQH
GHILFLHQF\LVDV\VWHPLFHIIHFWDQGDVVXFKZRXOGEHH[SHFWHGWRH[SRVHWKHZKROHERG\RI
WKHDQLPDOWRWKHVDPHULVNIDFWRU5DPDQVSHFWURVFRS\LVDVHQVLWLYHDQGQRQ-LQYDVLYHRSWLFDO
WHFKQLTXHLQZKLFKWKHWUDQVIHURIHQHUJ\IURPOLJKWWRPDWWHUJLYHVµILQJHUSULQW¶LQIRUPDWLRQ
RIDVDPSOH¶VFKHPLFDOFRPSRVLWLRQDQGSK\VLFDOVWDWH7KHWHFKQLTXHLVFRPPRQO\XVHGLQ
FKHPLFDODQDO\VLVHJLQIRUHQVLFDQGSKDUPDFHXWLFDOVFLHQFHKRZHYHUPRUHUHFHQWO\LWKDV
EHHQ LGHQWLILHG DV D SRWHQWLDO WRRO IRU HYDOXDWLQJ ERQH 8VLQJ 5DPDQ VSHFWURVFRS\ D
FRPSDULVRQVWXG\RILOLDFFUHVWELRSVLHVDQGIHPRUDOKHDGVDPSOHVUHYHDOHGWKDWRVWHRSRURWLF
ZRPHQZLWK IUDFWXUHVKDGDJUHDWHUFDUERQDWHSKRVSKDWHUDWLR LQFRUWLFDOERQHDQGDKLJKHU
FDUERQDWHDPLGH , UDWLR LQ IHPRUDO WUDEHFXODUERQHZKHQFRPSDUHG WRKHDOWK\ZRPHQ >@
2WKHU VWXGLHV E\ 3LOOD\ HW DO 7RZOHU HW DO DQG 0RUDQ HW DO XVHG 5DPDQ VSHFWURVFRS\ WR
GHPRQVWUDWHWKDWQDLOVIURPRVWHRSRURWLFSDWLHQWVKDGORZHUGLVXOSKLGHERQGLQJFRPSDUHGWR
KHDOWK\FRQWUROV>±@$VXEVHTXHQWFOLQLFDOVWXG\RQQDLOGRQRUVVKRZHGWKDW5DPDQ
DQDO\VLVRIWKHILQJHUQDLOVZDVFDSDEOHRIGLVFULPLQDWLQJEHWZHHQGRQRUVZKRKDGDQGZKR
KDGQRWVXIIHUHGDIUDJLOLW\IUDFWXUH>@'HWDLOHGVSHFWURVFRSLFLQYHVWLJDWLRQUHYHDOHGWKDWWKH
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VWUXFWXUDO LQWHJULW\ RI WKH NHUDWLQ LQ WKH QDLO ZDV GLIIHUHQW EHWZHHQ WKH JURXSV ZLWK WKH
IUDFWXUH JURXS H[KLELWLQJ D PRUH GLVRUGHUHG SURWHLQ VWUXFWXUH WKDQ WKH QRQ-IUDFWXUH JURXS
>@7RJHWKHUWKHVHILQGLQJVOHGWRWKHK\SRWKHVLVWKDWFKDQJHVLQFRPSRVLWLRQDQGVWUXFWXUH
RINHUDWLQQDLOLQRVWHRSRURWLFPRGHOVPD\DFWDVDVXUURJDWHPDUNHURIV\VWHPLFSURFHVVHV
WKDWDIIHFWWKHVWUXFWXUDOSURWHLQVLQWKHERQHPDWUL[FROODJHQ 
,Q WKLV VWXG\ ZH IXUWKHU WHVWHG WKLV K\SRWKHVLV E\ FRPSDULQJ WKH FKDQJHV LQ FODZ NHUDWLQ
5DPDQ VSHFWUD ZLWK WKH FKDQJHV LQ WKH SURWHLQV FKHPLFDO FRPSRVLWLRQ DQG DUFKLWHFWXUDO
FKDQJHV GXH WR RHVWURJHQ GHILFLHQF\ LQ UDWV 7KH K\SRWKHVLV WKDW ZH DUH WHVWLQJ LV WKDW
V\VWHPLFFKDQJHVWKDWDIIHFWERQHSURWHLQVPD\DOVRKDYHDSDUDOOHOLPSDFWRQNHUDWLQSURWHLQV
LQFODZV 
 
2 DĂƚĞƌŝĂůƐĂŶĚDĞƚŚŽĚƐ 
2.1 ŶŝŵĂůĞǆƉĞƌŝŵĞŶƚƐ 
 
$OODQLPDOH[SHULPHQWVZHUHDSSURYHGE\WKH$QLPDO:HOIDUHDQG(WKLFDO5HYLHZ%RG\RI
WKH 8QLYHUVLW\ RI (GLQEXUJK 6FRWODQG 8. DQG FRQGXFWHG LQ DFFRUGDQFH ZLWK WKH 8.
$QLPDOV6FLHQWLILF3URFHGXUHV$FW$QLPDOVZHUHKRXVHGXQGHUVWDQGDUGFRQGLWLRQVRI
WHPSHUDWXUH&DQGUHODWLYHKXPLGLW\RQKRXUVOLJKWGDUNF\FOHZLWK
DGOLELWXPDFFHVVWRVWDQGDUGSHOOHWGLHWDQGWDSZDWHU 
2.1.1 KǀĂƌŝĞĐƚŽŵǇĂŶĚŚŽƌŵŽŶĞƌĞƉůĂĐĞŵĞŶƚ 
2YDULHFWRP\RUVKDPRYDULHFWRP\ZDVSHUIRUPHG LQZHHNVROG6SUDJXH-'DZOH\UDWVDV
SUHYLRXVO\ GHVFULEHG >@7KH H[SHULPHQW WHUPLQDWHG RQ GD\  DQG ERQH PLQHUDO GHQVLW\
ZDVPHDVXUHGDWWKHWLELDOPHWDSK\VLVE\PLFURFRPSXWHGWRPRJUDSK\PLFUR&7 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
 
 
2.1.2 ŶŝŵĂůƐƚƵĚǇĚĞƐŝŐŶ 
2.1.2.1 ^ƉƌĂŐƵĞ-ĂǁůĞǇƐƚƵĚǇĚĞƐŝŐŶĂŶĚƚƌĞĂƚŵĞŶƚƐ 
7KH 6SUDJXH-'DZOH\ VWXG\ ZDV GHVLJQHG DQG FDUULHG RXW DW WKH 8QLYHUVLW\ RI (GLQEXUJK
6FRWODQG 8. 7KH UDWV ZHUH UDQGRPO\ DVVLJQHG WR  RI  JURXSV RYDULHFWRP\ 29;
Q  VKDP-RSHUDWHG Q RUQDwYHJURXS Q $OO UDWVZHUH VDFULILFHGDWZHHNVRI
DJHDQGERQHVDPSOHVULJKWIHPXUZHUHFROOHFWHGDQGVWRUHGDW-&&ODZVDPSOHVULJKW
DQGOHIWFODZZHUHFROOHFWHGDQGVWRUHGDW& 
2.1.2.2 tŝƐƚĂƌƐƚƵĚǇĚĞƐŝŐŶĂŶĚƚƌĞĂƚŵĞŶƚƐ 
7KH:LVWDUVWXG\ZDVGHYHORSHGE\WKH5R\DO&ROOHJHRI6XUJHRQVLQ,UHODQG5&6,'XEOLQ
,UHODQG 7KLV VWXG\ GHWDLOV WKH DQDO\VLV RI WKH FODZ VDPSOHV XVLQJ 5DPDQ VSHFWURVFRS\
FDUULHGRXWDW4XHHQ¶V8QLYHUVLW\%HOIDVW8QGHUWKHWHUPVRIDJUHHPHQWERQHVDPSOHVZHUH
QRWPDGHDYDLODEOH$WRWDORIUHWLUHGEUHHGHU:LVWDUUDWVZHUHUDQGRPO\DVVLJQHGWRRI
 JURXSV LQFOXGLQJ WKRVH WKDW XQGHUZHQW VXUJLFDO LQWHUYHQWLRQ DQG DJH-PDWFKHG FRQWUROV
7DEOH$IWHU FRPSOHWLRQRI VXUJLFDO LQWHUYHQWLRQ WKHFODZVDPSOHV ULJKW IURQWDQGKLQG
FODZVDQGOHIWIURQWDQGKLQGFODZV±FODZVIURPHDFKVSHFLPHQZHUHFROOHFWHGDQGVWRUHG
DW& 
2.2 DŝĐƌŽ-ĐŽŵƉƵƚĞĚƚŽŵŽŐƌĂƉŚǇ 
%RQH DUFKLWHFWXUH ZDV DVVHVVHG XVLQJ 0LFUR-FRPSXWHG WRPRJUDSK\ PLFUR&7 DW WKH
8QLYHUVLW\ RI (GLQEXUJK 6FRWODQG 8. 7UDEHFXODU DQG FRUWLFDO ERQH SDUDPHWHUV ZHUH
DQDO\VHG DV SUHYLRXVO\ GHVFULEH E\ &DPSEHOO 	 6RSKRFOHRXV >@ XVLQJ D 6N\VFDQ 
LQVWUXPHQW%UXFNHU%HOJLXPVHWDWN9DQGȝ$DQGDWDUHVROXWLRQRIȝP,PDJHV
ZHUHWKHQUHFRQVWUXFWHGE\WKH6N\VFDQ15HFRQSURJUDPDQGDQDO\]HGXVLQJ6N\VFDQ&7$Q
VRIWZDUH$QDO\VLVRIWUDEHFXODUERQHDWWKHOHIWGLVWDOIHPRUDOPHWDSK\VLVIRFXVHGRQDUHJLRQ
RILQWHUHVW52,H[WHQGLQJPPSUR[LPDOO\IURPWKHSUR[LPDOWLSRIWKHSULPDU\VSRQJLRVD
7KH52,ZDVVHOHFWHGDGMDFHQW WR WKHHQGRFRUWLFDOVXUIDFHXVLQJD IUHHKDQGGUDZLQJWRRODW
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ILYHWRVHYHQGLIIHUHQWOHYHOV$XWR-LQWHUSRODWLRQEHWZHHQWKHVHOHYHOVSURGXFHGWKHWRWDO52,
IRUDOOIUDPHVVHOHFWHG 
2.3 ZĂŵĂŶƐƉĞĐƚƌŽƐĐŽƉǇƐƉĞĐƚƌĂ 
7KHERQHVDQGFODZVZHUHDVVHVVHGXVLQJ5DPDQVSHFWURVFRS\DW4XHHQ¶V8QLYHUVLW\%HOIDVW
%HOIDVW8.1RIXUWKHUVDPSOHSUHSDUDWLRQZDVFDUULHGRXW 
2.3.1 ^ĂŵƉůĞĂŶĂůǇƐŝƐ 
5DPDQ VSHFWUDZHUH UHFRUGHG LQ D JULGSDWWHUQ RQERQHDQG FODZ VD SOHVXVLQJ DP:
$YDORQ ,QVWUXPHQW 5DPDQ6WDWLRQ 5 $YDORQ ,QVWUXPHQWV %HOIDVW 8. DW H[FLWDWLRQ
ZDYHOHQJWKQPZLWKDVSHFWUDOUHVROXWLRQFP-7KHVDPSOHVZHUHH[SRVHGWRWKHODVHU
EHDPIRUVHFRQGVIRU WKHERQHVFRUWLFDOUHJLRQDQGVHFRQGVIRU WKHFODZVZLWK
PPGLVWDQFHEHWZHHQWKHODVHUSRLQWVODVHUVSRWVL]HPP$WRWDORIDQGVSHFWUD
ZHUHFROOHFWHGLQDJULGSDWWHUQRQHDFKERQHDQGFODZVDPSOHUHVSHFWLYHO\$VWKHSURWHLQ
FRQFHQWUDWLRQLVPXFKORZHULQERQHWKDQWKHFODZWKHERQHPHDVXUHPHQWVZHUHFRPSOHWHG
LQ WULSOLFDWH7KHDQDO\VWZDVEOLQGHG WR VDPSOH WUHDWPHQWV WKURXJKRXWGDWD DFTXLVLWLRQ DQG
GDWDSURFHVVLQJ 
2.3.2 ^ƉĞĐƚƌĂůĂƚĂĂŶĂůǇƐŝƐ 
7KHDFTXLUHG5DPDQGDWDZDVSURFHVVHGXVLQJ0DWODED0DWKZRUNV&DPEULGJH8.
DQG /DEVSHF  +RULED 8. /WG 6WDQPRUH 8. VRIWZDUH &RVPLF UD\V ZHUH PDQXDOO\
FRUUHFWHG E\ FRPSDULQJ HDFK VSHFWUXP LQ WKH GDWDVHW ZLWK WKH VSHFWUD DGMDFHQW WR LW DQG
LGHQWLI\LQJDQ\VKDUSIHDWXUHVSL[HOV![615WKDWRFFXUUHGLQRQO\RQHVSHFWUXP7KH
GDWD IURP WKH 6SUDJXH-'DZOH\ DQLPDOV ZHUH XVHG WR GHYHORS PRGHOV IRU SURFHVVLQJ DQG
DQDO\VLQJWKH5DPDQVSHFWUD7KLVLQFOXGHGEXLOGLQJDEDVHOLQHFRUUHFWLRQPRGHOXVLQJ69'-
EDVHG EDFNJURXQG FRUUHFWLRQ >@ $OO WKH VSHFWUD ZHUH WUXQFDWHG WR UHPRYH SHDN-OHVV
UHJLRQVLQWHQVLW\QRUPDOLVHGPHDQLQWHQVLW\RIVSHFWUXPPHDQFHQWUHGDQGDQDO\VHGXVLQJ
SULQFLSOH FRPSRQHQW DQDO\VLV 3&$ DV SUHYLRXVO\ GHVFULEHG>@ 7KH 3&$ VFRUHV IRU
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
 
 
FRPSRQHQWVZKLFKH[KLELWHGDVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHEDVHOLQHDQGRYDULHFWRPLVHG
JURXSVZHUHSXWLQWRDOLQHDUGLVFULPLQDQWDQDO\VLVDORQJZLWKWKHQRUPDOLVHGPHDQFHQWUHG
5DPDQGDWD7KHUHVXOWLQJGLVFULPLQDQWVFRUHVZHUHXVHGWRFDOFXODWHVHQVLWLYLW\VSHFLILFLW\
DQGDUHDXQGHUWKHFXUYH$8&SHUIRUPDQFHFKDUDFWHULVWLFV7KHSURFHVVLQJDOJRULWKPVDQG
OLQHDU GLVFULPLQDQW DQDO\VLV /'$ PRGHO GHYHORSHG RQ WKH FODZ GDWD DFTXLUHG IURP WKH
6SUDJXH-'DZOH\ DQLPDOV ZDV WHVWHG RQ WKH GDWD DFTXLUHG IURP WKH :LVWDU UDW FODZV WR
GHWHUPLQHWKHWUDQVIHUDELOLW\RI WKHPRGHO WRQHZVDPSOHVDQGQHZSRSXODWLRQV7KH:LVWDU
JURXS ZDV XVHG DV D YDOLGDWLRQ VHW ZLWK VHQVLWLYLW\ VSHFLILFLW\ DQG $8& FDOFXODWHG IRU
FRPSDULVRQ ZLWK WKH 6SUDJXH-'DZOH\ DQLPDOV 7KH VDPH SURFHVVLQJ DOJRULWKPV DQG /'$
PRGHOZDVDSSOLHGWRWKHVKDPRYDULHFWRP\ZLWKLQWKH6SUDJXH-'DZOH\VHWWRGHWHUPLQHLWV
LPSDFW RQ FROODJHQ DQG NHUDWLQ7R REWDLQ SDUWLDO VXEWUDFWLRQ DYHUDJH QRUPDOL]HG ERQH DQG
FODZVSHFWUDIRUGHWDLOHGHYDOXDWLRQWKHDYHUDJHVSHFWUXPIURPHDFKJURXSZDVQRUPDOLVHGWR
WKH PHDQ LQWHQVLW\ RI WKH 6SUDJXH-'DZOH\ ERQH RU FODZ VSHFWUD WKHQ SDUWLDOO\ VXEWUDFWHG
IURPWKHVXPRIDOOWKHERQHRUFODZVSHFWUDXQWLOMXVWEHIRUHDQ\QHJDWLYHIHDWXUHVDSSHDUHG
LQWKHUHVXOW 
2.4 ^ĂŵƉůĞƐŝǌĞĐĂůĐƵůĂƚŝŽŶ 
7KHVDPSOHVL]HIRUWKHRYDULHFWRP\H[SHULPHQWVZDVFKRVHQWRSURYLGHDWOHDVWSRZHU
WR GHWHFW D  VWDQGDUG GLIIHUHQFH LH DQ HIIHFW VL]H RI a LQ GLIIHUHQW PLFUR-&7 EDVHG
YDULDEOHVEHWZHHQEDVHOLQHVKDP-RSHUDWHGDQG29;JURXSV3RVWKRFUHWURVSHFWLYHSRZHU
DQDO\VHV VKRZHG WKDW WKH HIIHFW VL]H DFKLHYHG IRU %979 ZDV PRUH WKDQ GRXEOH
DSSUR[LPDWHO\  DQG WKH DFKLHYHG SRZHU IRU GHWHFWLQJ D GLIIHUHQFH LQ %979 EHWZHHQ
VKDP-RSHUDWHGDQG29;JURXSVZDV 
2.5 DŝĐƌŽ-d^ƚĂƚŝƐƚŝĐĂůĂŶĂůǇƐŝƐ 
6WDWLVWLFDO DQDO\VHV ZHUH SHUIRUPHG XVLQJ ,%0 $UPRQN1< 6366 6WDWLVWLFV YHUVLRQ 
6LJQLILFDQW GLIIHUHQFHV EHWZHHQ JURXSV EDVHOLQH VKDP-RSHUDWHG DQG 29; ZHUH DVVHVVHG
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XVLQJRQH-ZD\DQDO\VLVRIYDULDQFH$129$IROORZHGE\7XNH\+6'SRVWKRFWHVW3RZHU
FDOFXODWLRQV ZHUH SHUIRUPHG XVLQJ *3RZHU VRIWZDUH YHUVLRQ  +HLQULFK +HLQH
8QLYHUVLW\'VVHOGRUI*HUPDQ\ 
3 ZĞƐƵůƚƐ 
3.1 ĨĨĞĐƚƐŽĨŽǀĂƌŝĞĐƚŽŵǇŽŶďŽĚǇĂŶĚƵƚĞƌŝŶĞǁĞŝŐŚƚ 
%RG\ ZHLJKW LV DQ LPSRUWDQW GHWHUPLQDQW RI ERQH PDVV DQG RHVWURJHQ GHILFLHQF\ LV RIWHQ
DVVRFLDWHG ZLWK D VLJQLILFDQW LQFUHDVH LQ ERG\ ZHLJKW >@$V VKRZQ LQ )LJXUH $ ERG\
ZHLJKW VLJQLILFDQWO\ LQFUHDVHG LQ 6SUDJXH-'DZOH\ DIWHU RYDULHFWRP\ ,Q FRQWUDVW XWHULQH
ZHLJKW IHOO VLJQLILFDQWO\ DIWHU RYDULHFWRP\ GDWD QRW VKRZQ LQGLFDWLYH RI WKH VXFFHVVIXO
UHPRYDORIRYDULHV 
3.2 ĨĨĞĐƚƐŽĨŽǀĂƌŝĞĐƚŽŵǇŽŶďŽŶĞĂƌĐŚŝƚĞĐƚƵƌĞ 
'HWDLOHG PLFUR&7 DQDO\VLV FRQILUPHG WKDW RYDULHFWRPLVHG UDWV KDG VLJQLILFDQWO\ ORZHU
WUDEHFXODUERQHYROXPH)LJXUH%DQGWKLVZDVDFFRPSDQLHGE\DVLJQLILFDQWUHGXFWLRQLQ
WUDEHFXODUQXPEHU)LJXUH&2YDULHFWRP\DOVRFDXVHGDVLJQLILFDQWLQFUHDVHLQWUDEHFXODU
VHSDUDWLRQ)LJXUH'DQGDGHFUHDVHLQ WUDEHFXODUFRQQHFWLYLW\ LQGLFDWHGE\WKHLQFUHDVHG
WUDEHFXODU SDWWHU IDFWRU )LJXUH ( 1R VLJQLILFDQW FKDQJHV ZHUH REVHUYHG LQ WUDEHFXODU
WKLFNQHVVDIWHURYDULHFWRP\)LJXUH) )LJXUHSDQHO*VKRZVUHSUHVHQWDWLYHPLFUR&7
LPDJHV IURP WKH WUDEHFXODU ERQH RI WKH GLVWDO IHPRUDO PHWDSK\VLV RI %DVHOLQH GD\ ]HUR
RYDULHFWRPLVHG29;DQGVKDP-RSHUDWHG6SUDJXH-'DZOH\UDWV 
3.3 ZĂŵĂŶƐƉĞĐƚƌƵŵŽĨďŽŶĞĂŶĚĐůĂǁƚŝƐƐƵĞĐŽŵƉĂƌĞĚƚŽƐƚĂŶĚĂƌĚƐ 
7KH DYHUDJH 5DPDQ VSHFWUD IRU 6SUDJXH-'DZOH\ ERQH VDPSOHV ZHUH FRPSDUHG WR WKH
FRUUHVSRQGLQJ FODZ VDPSOHV IURP WKH VDPH PRGHO VKRZQ LQ )LJXUH $ , 	 ,,, )RU
FRPSDULVRQ K\GUR[\DSDWLWH PLQHUDO FROODJHQ DQG NHUDWLQ VWDQGDUG ZHUH DOVR LQFOXGHG
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)LJXUH$,,,9	9UHVSHFWLYHO\$VXPPDU\RIWKHPDLQSHDNVWKHLUZDYHQXPEHUVKLIWV
EDQGDVVLJQPHQWVDQGZKHWKHUWKH\DUHGXHWRPLQHUDOFROODJHQRUNHUDWLQDUHOLVWHGLQ7DEOH
 7KH 5DPDQ VSHFWUXP RI ERQH LV GRPLQDWHG E\ SKRVSKDWH EDQGV VLPLODU WR WKRVH RI WKH
K\GUR[\DSDWLWH DW WKH ORZHU ZDYHQXPEHU ZKLOH DW KLJKHU ZDYHQXPEHU WKH VSHFWUXP LV
FRPSULVHGSULPDULO\RISURWHLQ-OLNHIHDWXUHV&ROODJHQFDQEHGLVWLQJXLVKHGIURPNHUDWLQE\
WKHSUHVHQFHRIDVWURQJSHDNGXHWRK\GUR[\SUROLQHQRDQGWKHDEVHQFHRIDGLVWLQFWEDQG
IRUW\URVLQHDQGWU\SWRSKDQSHDNQR'HVSLWHWKHPLQHUDOSHDNVLQFORVHSUR[LPLW\WKH
K\GUR[\SUROLQHSHDNVDUHLGHQWLILDEOHLQWKHERQHVSHFWUXPZKLOHWKHUHLVQRHYLGHQFHRIWKH
W\URVLQHDQGWU\SWRSKDQSHDNQR 
3.4 ǀĂůƵĂƚŝŽŶŽĨƐƉĞĐƚƌĂůĚŝĨĨĞƌĞŶĐĞƐďĞƚǁĞĞŶďŽŶĞĂŶĚĐůĂǁƚƌĞĂƚŵĞŶƚŐƌŽƵƉƐ 
7R HYDOXDWH ZKDW LPSDFW RYDULHFWRP\ LV KDYLQJ RQ WKH VWUXFWXUH RI WKH ERQH DQG FODZ
FRPSDUHGWRWKHLUUHVSHFWLYHEDVHOLQHDQGVKDP29;WUHDWPHQWJURXSVGHWDLOHGDQDO\VLVRI
WKH VSHFWUD ZDV SHUIRUPHG 7KH VSHFWUD RI WKH ERQH DQG FODZ ZHUH VFDOHG WR WKH PHDQ
LQWHQVLW\ RI WKH VSHFWUXP IRU VXEWUDFWLRQ DQG WKH VXEWUDFWLRQ VSHFWUD DUH SUHVHQWHG IRU
FRPSDULVRQ LQ)LJXUHV%DQG&7KHERQHVSHFWUD VKRZVKDPDQG29;WUHDWPHQWJURXSV
KDYHDQHOHYDWHGEDQGDWSHDNQRZKLFKLVLQGLFDWLYHRIFDUERQDWHGHSRVLWLRQZLWKLQWKH
K\GUR[\DSDWLWHPDWUL[&RPSDULVRQEHWZHHQEDVHOLQHVKDP-29;DQG29;FOHDUO\LQGLFDWHV
29; WUHDWPHQW DIIHFWV ERWK WKH PLQHUDO DQG FROODJHQ PDWUL[ SKDVHV RI WKH ERQH 29;
GHFUHDVHGWKHPLQHUDOEDQGVLQGLFDWHGE\WKHSHDNVDWORZHU5DPDQVKLIWDWSHDNQRDQG
DQGLQFUHDVHGFROODJHQEDQGVLQGLFDWHGE\VWURQJHUSHDNVDW5DPDQVKLIWVDWSHDNQRDQG
- FRPSDUHG WR FRQWURO ,Q WKH FODZ 5DPDQ VLJQDWXUHV FKDQJHV WR NHUDWLQ VHFRQGDU\
VWUXFWXUHZHUHREVHUYHGFRPSDUHGWREDVHOLQH29;UHGXFHGȕ-VKHHWFRQWHQWSHDNQR
DQGUHVXOWHGLQDQDOWHUHGĮ-KHOLFDOFRQIRUPDWLRQSHDNVKLIWIURPSHDNQRLQEDVHOLQHWR
SHDN QR  LQ 29; JURXS ,QWHUHVWLQJO\ WKH 5DPDQ VSHFWUDO VLJQDWXUHV IRU WKH ERQH DQG
FODZ VKDP-29; JURXSV LQGLFDWH VKDP 29; LV VXEWO\ DOWHULQJ WKH VWUXFWXUH RI SURWHLQV LQ
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ERWKWLVVXHVEXWDWDPXFKORZHUUDWHWKDQWKH29;7KHERQHVKDP-29;VSHFWUDVKRZHGD
UHGXFWLRQLQWKHRYHUDOOSURWHLQFRQWHQWSHDNQR-FRPSDUHGWREDVHOLQH 
3.5 ŝƐĐƌŝŵŝŶĂƚŝŽŶďĞƚǁĞĞŶŚĞĂůƚŚǇĂŶĚŽƐƚĞŽƉŽƌŽƚŝĐƚŝƐƐƵĞƵƐŝŶŐĂ>ŵŽĚĞů 
,QWKLVVWXG\XVLQJWKHGDWDDFTXLUHGIURPERQHDQGFODZVSHFWUDIURPDQRVWHRSRURWLFPRGHO
DQ/'$PRGHOZDVFUHDWHG LQDQDWWHPSW WRGLVFULPLQDWHEHWZHHQKHDOWK\DQGRVWHRSRURWLF
ERQH DQG FODZ WLVVXH )LJXUH  SDQHO ' VKRZV WKH 6SUDJXH-'DZOH\ ERQH GLVFULPLQDQW
IXQFWLRQ L FDOFXODWHG IURP WKH /'$ PRGHOOHG RQ 29; DJDLQVW EDVHOLQH JURXS DQG IRU
FRPSDULVRQ WKH 6SUDJXH-'DZOH\ FODZ GLVFULPLQDQW IXQFWLRQ LL FDOFXODWHG IURP WKH /'$
PRGHOOHG RQ WKH VDPH WUHDWPHQW JURXSV 7KH GLVFULPLQDQW IXQFWLRQ KLJKOLJKWV WKH YDULDQFH
EHWZHHQ WKH WUHDWPHQW JURXSV LQ ERWK WLVVXHV 7KH SURPLQHQW SRVLWLYH IHDWXUHV DUH
UHSUHVHQWDWLYHRIWKHEDVHOLQHKHDOWK\VWDWHZKLOVWWKHSURPLQHQWQHJDWLYHIHDWXUHVLOOXVWUDWH
WKH FKDQJHV LQ WKH WLVVXHV LQGXFHG E\ RYDULHFWRP\ RVWHRSRURWLF VWDWH 7KH SURPLQHQW
SRVLWLYHSHDNVLQWKHPLQHUDOSKDVHRIWKHERQHGLVFULPLQDQWIXQFWLRQOHIWVLGHRIGRWWHGOLQH
LQFOXGHSKRVSKDWHSHDNVQR DQG LQ WKHSRVLWLYHGLUHFWLRQZKLOH WKHFDUERQDWHSHDN
QR LV D SURPLQHQW QHJDWLYH SHDN )RU FRPSDULVRQ EHWZHHQ WKH SURWHLQ FRQWHQW RI ERWK
WLVVXHVWKHSRVLWLYHDQGQHJDWLYHSHDNVLQWKHUHJLRQULJKWRIWKHGRWWHGOLQHDUHKLJKOLJKWHG
7KHSURPLQHQWQHJDWLYHSHDNVVKRZQLQWKHERQHFROODJHQUHJLRQRIWKHGLVFULPLQDQWIXQFWLRQ
LQFOXGH&-+ERQHSHDNV QRDQG DQG DPLGH , UDQGRPFRLO SHDN QR DQG WKHVH
VDPHSHDNVZHUHQHJDWLYH LQ WKHFODZNHUDWLQGLVFULPLQDQW IXQFWLRQ)XUWKHUPRUH WKHPDLQ
SRVLWLYHSHDNVLQWKHFODZGLVFULPLQDQWIXQFWLRQLQFOXGLQJDPLGH,Į-KHOL[DQGȕ-VKHHWSHDNV
QRDQGUHVSHFWLYHO\ZHUHDOVRORFDOPD[LPDLQWKHERQHGLVFULPLQDQWIXQFWLRQ7KH
IDFWWKDWWKHVHORFDODUHDVRIYDULDQFHIURPWZRGLIIHUHQWWLVVXHVZHUHWKHVDPHVXJJHVWVWKDW
RYDULHFWRP\LVDOWHULQJWKHVWUXFWXUHRIFROODJHQDQGNHUDWLQLQDVLPLODUPDQQHU 
)LJXUH$VKRZVWKH6SUDJXH-'DZOH\ERQHVDPSOH/'$UHVXOWVPRGHOOHGRQWKH29;JURXS
DJDLQVW EDVHOLQH JURXS DQG SURMHFWHG RQWR WKH VKDP 29; WUHDWPHQW JURXS 7KH /'$
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FODVVLILHG WKH EDVHOLQH JURXS DV VLJQLILFDQWO\ GLIIHUHQW FRPSDUHG WR 29; ZKLOVW WKH VKDP
29; JURXS ZDV FODVVLILHG DV QRW VLJQLILFDQWO\ GLIIHUHQW 0RUHRYHU WKH 29; JURXS ZDV
VLJQLILFDQWO\GLIIHUHQW WR WKHEDVHOLQHDQGVKDP29;JURXSV7RJLYHDQ LQGLFDWLRQRIKRZ
DSSURSULDWHWKLVPRGHOLVIRUGHWHUPLQLQJGLIIHUHQFHVDQGVLPLODULWLHVLQERQHIURPKHDOWKDQG
RVWHRSRURWLFUDWWLVVXHXVLQJ5DPDQVSHFWUDWKHVHQVLWLYLW\VSHFLILFLW\DQG$8&YDOXHVZHUH
FDOFXODWHGIURPWKHGHULYHG/'$7DEOHWKLVPRGHOJDYHVHQVLWLYLW\VSHFLILFLW\
DQGDQDUHDXQGHUWKHFXUYH$8&RI 
7KH FODZV VKRZHG VLPLODU OHYHOV RI SHUIRUPDQFH WR WKH ERQH WLVVXH 7KH /'$ IRU WKH
6SUDJXH-'DZOH\UDWFODZV)LJXUH%FODVVLILHGWKHEDVHOLQHJURXSDVVLJQLILFDQWO\GLIIHUHQW
FRPSDUHG WRDOORI WKHRWKHU WUHDWPHQWJURXSVZLWK29;EHLQJ WKHPRVW VLJQLILFDQWZKLOH
29; LV VLJQLILFDQWO\ GLIIHUHQW IURP EDVHOLQH DQG VKDP 29; 7KH :LVWDU UDWV VKRZHG QR
VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH FRQWURO DQG RYDULHFWRPLVHG UDWV DW WKH HDUO\ VWDJHV RI
WUHDWPHQWZHHNVEXWDIWHUWKHZHHNGHOD\WKHRYDULHFWRPLVHGUDWVKDGDVLJQLILFDQWO\
ORZHU VFRUH WKDQ WKHFRQWURO UDWV DQGDOVR WKDQ WKH UDWV VDFULILFHGDW D \RXQJHU DJH )LJXUH
&7KH 6SUDJXH-'DZOH\ FDOLEUDWLRQ VHW \LHOGHG D PRGHO ZLWK D VHQVLWLYLW\ RI  DQG D
VHQVLWLYLW\RI DQG$8&RI 7KH:LVWDU UDWGDWDXVHGDVYDOLGDWLRQRI WKHPRGHO
DFKLHYHGDVHQVLWLYLW\RIDQGDVSHFLILFLW\RIZKLOHWKH$8&ZDV 
4 ŝƐĐƵƐƐŝŽŶ 
$JHLQJ LV DVVRFLDWHG ZLWK PDQ\ GHJHQHUDWLYH SURFHVVHV LQFOXGLQJ WKH ZHDNHQLQJ RI ERQH
OHDGLQJLQKXPDQVWRLQFUHDVHGVXVFHSWLELOLW\WRIUDFWXUHHYHQLQWKHDEVHQFHRIVLJQLILFDQW
WUDXPD7KHUDWRYDULHFWRP\PRGHOLVDVWDQGDUGPRGHOWRVWXG\SRVWPHQRSDXVDORVWHRSRURVLV
LQ SUH-FOLQLFDO WULDOV >@ 2YDULHFWRPLVHG UDWV GLVSOD\ VLPLODU VWDJHV RI RVWHRSRURVLV DV LQ
KXPDQV >@ DQG WKH PRGHO DOORZV IRU LQYHVWLJDWLRQ RI FKDQJHV RFFXUULQJ DJDLQVW D PRUH
XQLIRUPSRSXODWLRQXVLQJ\RXQJHUDQLPDOVPLQLPLVLQJHIIHFWRIGLIIHUHQWUDWHVRIDJHLQJLQ
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DKLJKO\FRQWUROOHGHQYLURQPHQW$NH\GLIIHUHQFHLVWKDWWKHUDWPRGHOVGRQRWWHQGWRVXVWDLQ
IUDJLOLW\IUDFWXUHVDVDUHVXOWRIWKHGHWHULRUDWLRQLQERQHKHDOWK,QWKLVVWXG\ZHDQDO\VHGWKH
LPSDFWRIRYDULHFWRP\RQERQHFROODJHQDQGFODZNHUDWLQSURWHLQVWUXFWXUHLQRYDULHFWRPLVHG
UDWVXVLQJ5DPDQVSHFWURVFRS\ 
$OWKRXJK ZH DFNQRZOHGJH WKDW WKH RYDULHFWRP\ PRGHO GRVH QRW IXOO\ FDSWXUH DOO RI WKH
FRPSOH[LWLHVSRVWPHQRSDXVDORVWHRSRURVLVLWLVZLGHO\XVHGWRH[SORUHPHFKDQLVPVRIERQH
ORVVDQGWRLQYHVWLJDWHWKHHIIHFWVRIWUHDWPHQWVIRURVWHRSRURVLV  ,QWKLVVWXG\ZHKDYHXVHG
WKLVPRGHO WRDQDO\VH WKH LPSDFWRIRYDULHFWRP\RQERQHFROODJHQDQGFODZNHUDWLQSURWHLQ
VWUXFWXUH XVLQJ 5DPDQ VSHFWURVFRS\ &ROODJHQ DQG NHUDWLQ KDYH VLPLODU VWUXFWXUHV DQG
SURSHUWLHV >@ DQG LQ WKLV VWXG\ ZH VKRZHG WKDW WKHVH SURWHLQV KDYH VLPLODU 5DPDQ
VLJQDWXUHVLQWKHPLQHUDO-IUHHUHJLRQ 
)RUPDWLRQ RI FROODJHQ ILEUHV LQ ERQH LQYROYHV D VHULHV RI FRPSOH[ SRVW-WUDQVODWLRQDO
PRGLILFDWLRQVLQFOXGLQJK\GUR[\ODWLRQRISUROLQHDQGO\VLQHJO\FRV\ODWLRQRIK\GUR[\O\VLQH
DQG JHQHUDWLRQ RI FROODJHQ FURVVOLQNV WKDW DUH RIWHQ DVVRFLDWHG ZLWK ERQH PDWXUDWLRQ >@
'XH WR WKH LQWHUUHODWLRQVKLS ZLWK PLQHUDOL]DWLRQ LW ZRXOG EH H[SHFWHG WKDW DQ\ FKDQJH WR
FROODJHQVWUXFWXUHFRXOGDOWHUFROODJHQILEUHRUJDQL]DWLRQDQGRULHQWDWLRQDQGWKXVWKHPLQHUDO
WR FROODJHQ UDWLR DOO RI ZKLFK KHOS UHJXODWH ERQH VWUHQJWK IOH[LELOLW\ DQG IUDJLOLW\ >@
3UHYLRXV VWXGLHVKDYH LQGLFDWHG WKDWRHVWURJHQGHILFLHQF\ OHDGV WR DQ LQFUHDVHG WXUQRYHURI
WKHERQHFROODJHQPDWUL[ZLWKDQLPEDODQFHLQIDYRXURIUHVRUSWLRQRYHUIRUPDWLRQ>@7KLV
LQFUHDVHG UDWH RI FROODJHQ V\QWKHVLV JHQHUDWHV DEQRUPDOLWLHV LQ SRVW-WUDQVODWLRQDO
PRGLILFDWLRQV LQ FROODJHQ LQFOXGLQJ RYHU-K\GUR[\ODWLRQ RI O\VLQH UHVLGXHV DQG RYHU-
JO\FRV\ODWLRQ RI K\GUR[\O\VLQH OHDGLQJ WR ZHDNHQHG FROODJHQ ILEUHV ZLWK IHZHU FURVVOLQNV
WKDW DIIHFWV PLQHUDOL]DWLRQ RI WKH ILEUH >@ 8VLQJ 5DPDQ VSHFWURVFRS\ ZH VKRZHG WKDW
RYDULHFWRP\ LQ DGXOW UDWV GHFUHDVHG PLQHUDO WR FROODJHQ UDWLR FRPSDUHG WR EDVHOLQH 7KLV
UHVXOWDJUHHVZLWKSUHYLRXVILQGLQJV>@DQGWKDWVKRZVRYDULHFWRP\LQFUHDVHVWKHSURWHLQ
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FRQWHQWUHODWLYHWRWKHPLQHUDOFRQWHQWLQWKHERQHVSHFWUD5DPDQVSHFWUDRIERQHLQKXPDQV
H[KLELW FKDQJHV LQ SURWHLQ FRQWHQW UHODWLYH WR PLQHUDO FRQWHQW DFURVV D QXPEHU RI ERQH
SDWKRORJLHVLQFOXGLQJRVWHRSRURVLVDQGRVWHRJHQHVLVLPSHUIHFWD>±@ 
.HUDWLQLVDNH\VWUXFWXUDOSURWHLQWKDWSURYLGHVFHOOVDQGWLVVXHVZLWKUHVLOLHQFHWRZLWKVWDQG
PHFKDQLFDO DQG FKHPLFDO VWUHVV >±@ 3UHYLRXV VWUXFWXUDO 5DPDQ VSHFWURVFRS\ DQDO\VLV
UHYHDOHG.HUDWLQ¶VUHVLOLHQFHWREHGXHWRLWVKLJKO\RUGHUHGVWUXFWXUHPRVWO\LQWKHĮ-KHOLFDO
FRQIRUPDWLRQ ZLWK D KLJK GHJUHH RI SURWHLQ IROGLQJ DQG GLVXOSKLGH ERQG IRUPDWLRQ >@
7KXV VLPLODU WR FROODJHQ NHUDWLQ¶V SURSHUWLHV PRVW OLNHO\ GHSHQG RQ FRKHUHQW RUJDQLVDWLRQ
DQGGLVUXSWLRQRIWKHVHFRQGDU\RUWHUWLDU\VWUXFWXUHRIWKHSURWHLQZRXOGLPSDFWLWVDELOLW\WR
SHUIRUPLWVIXQFWLRQV,QGHHGVWXGLHVE\)DUUDQHWDOVKRZILQJHUQDLOV¶PHFKDQLFDOSURSHUWLHV
FKDQJH XQGHU GLIIHUHQW FRQGLWLRQV DQG WKLV ZDV K\SRWKHVLVHG WR RFFXU YLD DOWHUHG PDWUL[
IOH[LELOLW\FDXVHGE\EUHDNGRZQRIGLVXOSKLGHERQGLQJ >@(YDOXDWLRQRI WKHFODZ5DPDQ
VSHFWUDO LQIRUPDWLRQ LQ WKLV VWXG\ VKRZHG VXEVWDQWLDO FKDQJHV WR WKH VHFRQGDU\DQG WHUWLDU\
VWUXFWXUHRIFODZNHUDWLQXSRQRYDULHFWRP\7KHSRVLWLRQRIWKHDPLGHEDQGVIRUĮ-KHOLFHVLV
VHQVLWLYHWRWKHWHUWLDU\VWUXFWXUHZLWKĮ-KHOLFHVLQJOREXODUSURWHLQVJLYLQJDPLGH,EDQGVDWD
KLJKHUZDYHQXPEHUSRVLWLRQWKDQĮ-KHOLFHVLQILEURXVSURWHLQV8SRQRYDULHFWRP\WKH5DPDQ
EDQGFRUUHVSRQGLQJWRĮ-KHOLFHVLVVKLIWHGWRDKLJKHUSRVLWLRQUHIOHFWLQJDFKDQJHLQWHUWLDU\
VWUXFWXUHWKDWVXJJHVWVRYDULHFWRP\LVDVVRFLDWHGZLWKDUHGXFWLRQLQILEURXVVWUXFWXUHDQGDQ
LQFUHDVH LQ JOREXODU VWUXFWXUH 7KH WHUWLDU\ VWUXFWXUH RI FROODJHQ LV DOVR EHLQJ DOWHUHG E\
RYDULHFWRP\ LQ D VLPLODUPDQQHU&RPSDUHG WREDVHOLQHRYDULHFWRP\ VKRZVDQ LQFUHDVH LQ
DPLGH,FROODJHQFRQWHQWSDUWLFXODUO\LQWKHJOREXODUVWUXFWXUHDVVLJQLILHGE\DODUJHLQFUHDVH
LQ DPLGH , SHDN DW D KLJKHU ZDYHQXPEHU SRVLWLRQ LQGLFDWLYH RI UDQGRP VWUXFWXUH SHDN QR
6LPLODUFKDQJHVHOHYDWHGLQWHQVLW\DURXQGFP-DQGUHGXFHGLQWHQVLW\DWFP-
LQ WKH DPLGH , UHJLRQ IURP FROODJHQ RI ERQH IRU RYDULHFWRPLVHG UDWV KDV EHHQ UHSRUWHG E\
2UNRXODHWDO>@.HUDWLQLQFODZVDQGQDLOVLVDUUDQJHGLQFORVHO\ILWWLQJILEURXVVWUDQGV,Q
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WKLVVWXG\RXUGDWDVXJJHVW WKDW WKHULJLGRUGHUWRFODZNHUDWLQILEUHVLQRYDULHFWRPLVHGUDWV
ZDVGLVUXSWHGOHDGLQJWRDOHVVRUJDQL]HGNHUDWLQVWUXFWXUHZLWKPRUHIOH[LELOLW\:KLOVWWKHVH
NHUDWLQ FKDQJHV DUH RFFXUULQJ XSRQ RYDULHFWRP\ RXU UHVXOWV DOVR VXJJHVW ERQH FROODJHQ
VWUXFWXUHLVEHFRPLQJOHVVRUJDQLVHGZKLFKPD\LPSDFWRQWKHRUJDQL]DWLRQDQGRULHQWDWLRQ
RI FROODJHQ ILEUHV DQG WKXV DIIHFW PLQHUDO GHSRVLWLRQ DOO RI ZKLFK DUH LPSRUWDQW LQ WKH
PDLQWHQDQFHRIERQHVWUHQJWKWRXJKQHVVDQGIUDJLOLW\ 
7KHPRGHODOJRULWKPJHQHUDWHGLQWKLVVWXG\ZDVDEOHWRVLJQLILFDQWO\GLVWLQJXLVKWKHEDVHOLQH
DQGVKDP-RYDULHFWRPLVHGJURXSVIURPWKHRYDULHFWRPLVHGJURXSLQERQHDQGFODZWLVVXHV,W
VKRXOGEHQRWHGWKDWWKHDQLPDOVWKDWXQGHUZHQWVKDP-RYDULHFWRP\GLGVKRZDOWHUHG5DPDQ
VLJQDWXUHVFRPSDUHGWRERWKEDVHOLQHDQGRYDULHFWRP\EXWWKHVHFKDQJHVDUHLQGHSHQGHQWRI
WKRVHDVVRFLDWHGZLWKWKHWUXHRYDULHFWRP\DVWKH/'$PRGHOVGLGQRWFODVVLI\WKHVKDPDV
VLJQLILFDQWO\GLIIHUHQWWREDVHOLQH$VFRQWURODQLPDOVZHUHQRWVDFULILFHGDWWKHODWHUDJHLWLV
QRWSRVVLEOHWRLGHQWLI\LIWKHFKDQJHVLQWKHVKDPRYDULHFWRP\DUHDUHVXOWRIQDWXUDODJLQJ
FRPSDUHGWRWKHEDVHOLQHDQLPDOVRULILWFRXOGEHDWWULEXWHGWRFKDQJHVLQGXFHGE\WKHERG\
UHVSRQGLQJWRWKHVKDPRSHUDWLRQ7KHPRGHOLOOXVWUDWHVWKDWDGXOWUDWVZKLFKKDYHXQGHUJRQH
RYDULHFWRP\KDYHPHDVXUDEOHGLIIHUHQFHVLQFKHPLFDODQGSK\VLFDOSURSHUWLHVRIWKHERQHDQG
FODZFRPSDUHGWRWKRVHIURPKHDOWK\XQWUHDWHGDQGVKDPUDWVEDVHOLQHDQGFRQWUROPRGHOV
0RUHRYHUKLJKVHQVLWLYLW\VSHFLILFLW\DQG$8&YDOXHVFDOFXODWHGLQWKLVVWDWLVWLFDOPRGHOIRU
WKHERQHWLVVXHLPSO\WKDW WKLV LVDVXLWDEOHPRGHOIRUVWXG\LQJFKDQJHVLQERQHFROODJHQLQ
UHODWLRQWRERQHKHDOWK 
,Q WKLV VWXG\ ZH DOVR DVVHVVHG ZKHWKHU WKH VWDWLVWLFDO PHWKRG JHQHUDWHG IRU WKH FODZV LV
WUDQVIHUDEOH E\ WHVWLQJ WKH 5DPDQ GHULYHG FOLQLFDO PRGHOV RQ D VHFRQG LQGHSHQGHQW VHW RI
DQLPDOV7KH:LVWDUUDWFODZPRGHOZDVLQGHSHQGHQWIURPWKH6SUDJXH-'DZOH\FODZPRGHO
DV WKH\ ZHUH XVLQJ GLIIHUHQW VSHFLHV RI UDW DQG ZHUH GHVLJQHG DQG FDUULHG RXW LQ GLIIHUHQW
FHQWUHV 8WLOLVLQJ FODZ 5DPDQ GDWD JHQHUDWHG IURP DQ LQGHSHQGHQW VWXG\ :LVWDU PRGHO
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DOORZHGIRU WHVWLQJRI WKHDOJRULWKP7KHDOJRULWKPGLGQRWFODVVLI\ WKH:LVWDUFODZFRQWURO
DQG RYDULHFWRPLVHG JURXSV DV GLIIHUHQW RYHU VKRUWHU WUHDWPHQW GXUDWLRQV KRZHYHU WKHVH
JURXSVZHUHFODVVLILHGDVVLJQLILFDQWO\GLIIHUHQWDWWKHORQJHUWUHDWPHQWGXUDWLRQ7KLVDJUHHV
ZLWK WKHGLIIHUHQFHVREVHUYHG LQ WKH6SUDJXH-'DZOH\FODZPRGHODV WKH WUHDWPHQWGXUDWLRQ
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GLIIHUHQFHV EHWZHHQ KHDOWK\ DQG RVWHRSRURWLF ERQH DQG FODZ WLVVXHV $OWKRXJK WKH
FODVVLILFDWLRQPRGHOIRUWKHERQHWLVVXHZDVQRWYDOLGDWHGZLWKLQWKLVVWXG\WKHSHUIRUPDQFH
RI5DPDQVSHFWURVFRSLFPHWKRGVIRUDQDO\VLQJERQHWLVVXHLVZHOOHVWDEOLVKHGLQLQGHSHQGHQW
VWXGLHV>±@ 
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RYDULHFWRPLVHG DGXOW UDWV PHGLDWHV FKDQJHV ZLWKLQ ERWK ERQH DQG FODZ WLVVXH 7KH
RYDULHFWRP\-LQGXFHGFKDQJHV LQ WKHSURWHLQSKDVHRIERWK WLVVXHVDUHVLPLODU%RWKSURWHLQV
KDYHDOHVVRUGHUHGVWUXFWXUHLQWKHRVWHRSRURWLFPRGHOFRPSDUHGWREDVHOLQHZKLFKLQGLFDWH
WKDW WKH SRVW-RYDULHFWRP\ FKDQJHV LQGXFH D JUHDWHU GHJUHH RI VWUXFWXUDO IOH[LELOLW\ ZLWKLQ
FROODJHQ DQG NHUDWLQ ,W LV OLNHO\ WKDW WKH OHVV RUGHUHG FROODJHQ ZLOO LPSDFW RQ PLQHUDO
GHSRVLWLRQDQG WKXV IUDJLOLW\ ULVN:KLOVW WKHVHFROODJHQFKDQJHVDUHRFFXUULQJ LQ WKHERQH
RXUUHVXOWVVXJJHVWVLPLODUFKDQJHVWRNHUDWLQVWUXFWXUHDUHKDSSHQLQJFRQFXUUHQWO\7KXVZH
SURYLGH HYLGHQFH VXJJHVWLQJ WKHUH LV VLJQLILFDQW SRWHQWLDO LQ XVLQJ NHUDWLQ DV D VXUURJDWH
PDUNHUIRUERQHKHDOWKGHWHULRUDWLRQ 
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)LJXUHOHJHQGV 
)LJXUH  (IIHFWV RI RYDULHFWRP\ PRGHO RQ 6SUDJXH-'DZOH\ UDWV $ %RG\ ZHLJKW J LQ
RYDULHFWRPLVHG DQG VKDP-RSHUDWHG 6SUDJXH-'DZOH\ UDWV %-) 0LFUR&7 DQDO\VLV RI
WUDEHFXODUERQHDW WKHGLVWDOIHPRUDOPHWDSK\VLV% WUDEHFXODUERQHYROXPH%979&
WUDEHFXODU QXPEHU 7E1 PP ' WUDEHFXODU VHSDUDWLRQ 7E6S PP ( WUDEHFXODU SDWWHUQ
IDFWRU7E3IPP)WUDEHFXODUWKLFNQHVV7E7KPP7KHYDOXHVVKRZQDUHPHDQVHP
SYV6KDPE\RQH-ZD\DQDO\VLVRIYDULDQFH$129$*5HSUHVHQWDWLYHPLFUR&7
LPDJHV IURP WKH WUDEHFXODU ERQH RI WKH GLVWDO IHPRUDO PHWDSK\VLV RI %DVHOLQH GD\ ]HUR
RYDULHFWRPLVHG29;DQGVKDP-RSHUDWHG6SUDJXH-'DZOH\UDWV 
)LJXUH(IIHFWRIRYDULHFWRP\PRGHORQ7KH5DPDQVLJQDWXUHVRIERQHDQGFODZWLVVXHV
$$YHUDJHQRUPDOLVHG5DPDQVSHFWUDRI6SUDJXH-'DZOH\ERQHLDQGFODZLLLVDPSOHV
7KH DYHUDJH VSHFWUD IRU WKH ERQH DQG FODZ PRGHOV DUH FRPSDUHG WR K\GUR[\DSDWLWH LL
FROODJHQLYDQGNHUDWLQY%-&6XEWUDFWLRQVSHFWUDIRUDYHUDJHLRYDULHFWRP\DQGLL
VKDP RYDULHFWRP\ PLQXV EDVHOLQH IURP ERQH % DQG FODZ & VDPSOHV 6HOHFWHG 5DPDQ
EDQGV DUH ODEHOOHG DJDLQVW WDEOH  ZLWK WKH FRUUHVSRQGLQJ ZDYHOHQJWK LQ EUDFNHWV '7KH
GLVFULPLQDQW IXQFWLRQ IRU6SUDJXH-'DZOH\ERQH L DQGFODZ LL VDPSOHV DVGHWHUPLQHGE\
WKH OLQHDU GLVFULPLQDQW DQDO\VLV /'$ PRGHOHG RQ WKH UHVSHFWLYH RYDULHFWRPLVHG 29;
JURXS DJDLQVW EDVHOLQH JURXS DQG SURMHFWHG RQWR WKH RWKHU WUHDWPHQW JURXSV 7KH PLQHUDO
SHDNV -FP- DUH ODEHOHG LQ WKH ERQH VSHFWUD LQFOXGLQJ SHDN QXPEHU DQG
ZDYHQXPEHU:KLOH WKH FRUUHVSRQGLQJSURWHLQSHDNV -FP- LQ WKHERQHFROODJHQ
DQGFODZNHUDWLQDUHLQGLFDWHGLQFOXGLQJSHDNQXPEHUDQGZDYHQXPEHU 
)LJXUH  0HDQ VFRUHV IRU RYDULHFWRP\ GLVFULPLQDQW PRGHOV EXLOW RQ 29; YV EDVHOLQH
DSSOLHG WR VKDP$ 6SUDJXH-'DZOH\ ERQH WLVVXH % 6SUDJXH-'DZOH\ FODZ WLVVXH DQG &
PRGHO GHULYHG IURP 6SUDJXH 'DZOH\ FODZ WLVVXH DSSOLHG WR :LVWDU UDW FODZ WLVVXH  7KH
:LVWDUDQLPDOVZHUHVSOLWLQWRWKRVHFXOOHGZLWKLQDQGRUPRUHZHHNVRIVWXG\VWDUWZLWK
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WKH ORQJHUJURZWK WLPHEHLQJXVHGDV WKHYDOLGDWLRQVHW IRU WKHPRGHO(UURUEDUV UHSUHVHQW
FRQ¿GHQFHLQWHUYDO6LJQLILFDQFHEHWZHHQ&RQWURODQGHDFKWUHDWPHQWJURXSLQGLFDWHG
E\DQGVROLGOLQHVDQGEHWZHHQ29;DQGHDFKWUHDWPHQWJURXSLQGLFDWHGE\DQGGRWWHG
OLQHVZDVPHDVXUHGSS 
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7DEOHV 
4.2 dĂďůĞ ? ?tŝƐƚĂƌƐƚƵĚǇĚĞƐŝŐŶ ? 
*URXS 6XUJLFDOLQWHUYHQWLRQ 'XUDWLRQZHHNV Q 
 1RQH   
 
 1RQH   
 29;   
 
 1RQH   
 29;   
 
 1RQH   
 29;   
 
 1RQH   
 29;   
 
 1RQH   
 29;   
7KH WDEOH OLVWV WKHQXPEHURIGLIIHUHQWJURXSVDFFRUGLQJ WRGXUDWLRQDQG WKHQXPEHURI VDPSOHV LQ
HDFKJURXS2YDULHFWRP\29; 
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7DEOH%RQHDQG&ODZ5DPDQVSHFWURVFRS\%DQG$VVLJQPHQWV 
3HDN1R 5DPDQ6KLIWFP- $VVLJQPHQW .HUDWLQ&ROODJHQ0LQHUDO 5HIHUHQFHV 
  32
-Ȟ$6 0LQHUDO >@ 
  'LVXOILGHȞ6-6 .HUDWLQ >@ 
 - 32
-Ȟ$6 0LQHUDO >@ 
  &\VWHLQHȞ&6 .HUDWLQ >@ 
  7\URVLQHį&&+23 &ROODJHQ.HUDWLQ >@ 
  7\URVLQH2-3-2į&&+ULQJEUHDWKLQJ &ROODJHQ.HUDWLQ0LQHUDO >@ 
  +\GUR[\SUROLQH &ROODJHQ >@ 
  Į-KHOL[Ȟ&& &ROODJHQ.HUDWLQ >@ 
  32
-Ȟ 0LQHUDO >@ 
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  3KHQ\ODODQLQH &ROODJHQ.HUDWLQ >@ 
  3KHQ\ODODQLQH &ROODJHQ.HUDWLQ >@ 
  &2
-Ȟ 0LQHUDO >@ 
  &DUERQEDFNERQHȞ&&5& &ROODJHQ.HUDWLQ >@ 
  &DUERQEDFNERQHȞ&&7& &ROODJHQ.HUDWLQ >@ 
  7\URVLQHDQG3KHQ\ODODQLQHȞ&-&+ &ROODJHQ.HUDWLQ >@ 
  ȕ-VKHHW$PLGH,,, &ROODJHQ.HUDWLQ >@ 
  5DQGRP$PLGH,,, &ROODJHQ.HUDWLQ >@ 
  Į-KHOL[$PLGH,,, &ROODJHQ.HUDWLQ >@ 
  &-+ERQGLQJį&+GHIRUPDWLRQ &ROODJHQ.HUDWLQ >@ 
  &-+ERQGLQJį&+VFLVVRULQJ &ROODJHQ.HUDWLQ >@ 
  7\URVLQHDQG7U\SWRSKDQ& &VWUHWFKLQJ .HUDWLQ >@ 
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 - Į-KHOL[Ȟ&2DPLGH, &ROODJHQ.HUDWLQ >@ 
 - 5DQGRPȞ&2DPLGH, &ROODJHQ.HUDWLQ >@ 
 - ȕ-VKHHWȞ&2DPLGH, &ROODJHQ.HUDWLQ  
7KHPDLQSHDNVSUHVHQWLQWKHERQHDQGFODZVSHFWUDDUHOLVWHGLQQXPHULFDORUGHULQFOXGLQJWKHLUZDYHQX EHUVEDQGDVVLJQPHQWVZKHWKHUWKH\
DUH NHUDWLQ FROODJHQ RU PLQHUDO EDQGV DQG EDQG DVVLJQPHQW UHIHUHQFHV $V\PPHWULF VWUHWFK $6 RXW RI SODQH Ȗ LQ SODQH į UDQGRP
FRQIRUPDWLRQ5&WUDQVFRQIRUPDWLRQ7&DQGVWUHWFKȞ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7DEOH/LQHDUGLVFULPLQDQWDQDO\VLV/'$ZDVPRGHOOHGRQRYDULHFWRPLVHG29;JURXSDJDLQVWFRQWUROJURXSDQGSURMHFWHGRQWRWKHRWKHU
WUHDWPHQWJURXSVLQWKHERQHVDPSOHV 
7KHVHQVLWLYLW\VSHFLILFLW\DQG$8&DUHDXQGHUWKHFXUYHYDOXHVDUHVKRZQ 
 29;YV&RQWURO QFRQWURO Q29; 6HQVLWLYLW\ 6SHFLILFLW\ $8& 
%RQH 6SUDJXH-'DZOH\ 
ZHHNV 
     
&ODZ 6SUDJXH-'DZOH\ 
ZHHNV 
FDOLEUDWLRQPRGHO 
     
:LVWDU 
ZHHNV 
YDOLGDWLRQPRGHO 
     
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+LJKOLJKWV 
x Ovariectomy, which reduces systemic estrogen concentrations, influences remote tissues in a 
rat model 
x Mineral decline observed in rat bone in both mineral and protein matrices 
x Protein matrix of both bone and claw showed decrease in ordered structure and increase in 
disordered structure 
x Propose hypothesis that systemic processes can affect structural proteins in both the bone 
(primarily collagen) and claw (primarily keratin) 
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